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(54) ELECTRONIC ENDOSCOPE

(567)  Anelectronic endoscope 1 includes a distal end
portion 11 of an insertion portion 2 which incorporates
electronic components 54, 42, 43, 45, 46, a metal frame
20 which holds an observation window 22, an earth mem-
ber 58 which is connected to a patient-side ground of an
external device, and a static-protective member 60 which
is disposed in the distal end portion 11 while being insu-

lated from the metal frame 20 and is electrically connect-
ed tothe earth member 58 to let static electricity E applied
to the distal end portion 11 flow to the earth member 58.
With the configuration, the electronic endoscope pre-
vents occurrence of trouble, a fault, and the like in an
electronic component incorporated in the distal end por-
tion due to applied static electricity.
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Description
Technical Field

[0001] The present invention relates to an electronic
endoscope having exposed metal at a distal end.

Background Art

[0002] As is well known, endoscopes are widely used
for observation, treatment, and the like inside a body (in-
side a body cavity) of a living body or for inspection, re-
pair, and the like in industrial plant equipment. Among
endoscopes, electronic endoscopes including an image
pickup apparatus with a CCD and the like placed in the
image pickup apparatus have recently become main-
stream. In such a conventional electronic endoscope, a
holding frame made of metal which holds an optical mem-
beron aside closer to adistal end thana CCD is disposed
at a distal end portion.

[0003] In the conventional electronic endoscope, fog-
ging due to condensation may occur in an objective op-
tical system, resulting from a temperature difference be-
tween outside air temperature and ambient temperature
of an object to be examined, ambient humidity in the ob-
jectto be examined, and the like. For the reason, various
techniques for preventing, e.g., fogging of and conden-
sation on an outer surface of a transparent cover member
of an objective optical system have been proposed for
endoscopes. For example, Japanese Patent Application
Laid-Open Publication No. 2009-261830 discloses a de-
fogging technique in an objective optical system in which
an anti-fogging device which heats a thin film formed on
a cover glass arranged at a distal end portion of an elec-
tronic endoscope is provided at a holding frame for the
cover glass.

[0004] However, the conventional electronic endo-
scope has a structure in which a holding frame made of
metal at a most distal end is exposed at a distal end
surface and the exposed metal and a metal inside the
endoscope are insulated from each other to prevent a
leakage current during use of a radio knife from flowing
to a patient-side through the exposed metal. This struc-
ture had such a problem that, when a static electricity is
applied to the exposed part of the holding frame, the static
electricity flows to a GND via electronic components such
as an anti-fogging unit and an image pickup apparatus
incorporated in the distal end portion because there is
no route for the static electricity to escape due to the
insulating structure, and thus a trouble, fault or the like
occurs in the electronic components.

[0005] The present invention has been made in view
of this problem, and an objective of the present invention
is to provide an electronic endoscope which allows for
use of a radio knife and prevents a trouble, fault or the
like from occurring in electronic components incorporat-
ed in a distal end portion due applied static electricity.
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Disclosure of Invention
Means for Solving the Problem

[0006] An electronic endoscope according to one as-
pect of the present invention includes a distal end portion
of aninsertion portion which incorporates electronic com-
ponents, a metal frame which is disposed at the distal
end portion and holds an observation window, an earth
member which is connected to a patient-side ground of
an external device, and a static-protective member which
is disposed in the distal end portion while being insulated
from the metal frame and is electrically connected to the
earth member to let static electricity applied to the distal
end portion flow to the earth member.

[0007] The present invention allows for providing an
electronic endoscope that prevents a trouble, fault or the
like from occurring in electronic components incorporat-
ed in a distal end portion due to due applied static elec-
tricity.

Brief Description of the Drawings
[0008]

Fig. 1 is a perspective view showing an entire con-
figuration of an endoscope apparatus;

Fig. 2 is a cross-sectional view showing a configu-
ration of a distal end part of an insertion portion;
Fig. 3 is a cross-sectional view showing a configu-
ration of a front end part of an image pickup unit;
Fig. 4 is a cross-sectional view taken along line IV-
IV in Fig. 3;

Fig. 5 is a cross-sectional view taken along line V-V
in Fig. 3;

Fig. 6 is a cross-sectional view taken along line VI-
Vlin Fig. 3;

Fig. 7 is a cross-sectional view taken along line VII-
VIlin Fig. 3;

Fig. 8 is a cross-sectional view taken along line VIII-
VIl in Fig. 3;

Fig. 9 is an exploded plan view showing a configu-
ration of an anti-fogging unit;

Fig. 10 is a front view showing the configuration of
the anti-fogging unit;

Fig. 11 is a plan view showing a configuration in
which the anti-fogging unit is fastened to an insulat-
ing member for insulation and thermal insulation;
Fig. 12 is a cross-sectional view taken along line XII-
Xll'in Fig. 11;

Fig. 13 is a plan view showing a configuration in
which a conductive plate is fastened to the insulating
member for insulation and thermal insulation;

Fig. 14 is a vertical cross-sectional view showing a
configuration of a part at a rear of the image pickup
unit;

Fig. 15is a cross-sectional view taken along line XV-
XV in Fig. 14;



3 EP 2 674 095 A1 4

Fig. 16 is a cross-sectional view showing a layout of
three radiating cables connected to a reinforcing
frame;

Fig. 17 is a cross-sectional view showing a part
where three signal cables and the three radiating
cables are coated in a heat-shrinkable tube;

Fig. 18 is a cross-sectional view showing a first mod-
ification of the insulating member for insulation and
thermal insulation;

Fig. 19 is a cross-sectional view showing a second
modification of the insulating member for insulation
and thermal insulation;

Fig. 20 is a cross-sectional view showing a first mod-
ification of the anti-fogging unit;

Fig. 21 is a plan view showing a first modification of
a static-protective member;

Fig. 22 is a plan view showing a second modification
of the static-protective member;

Fig. 23 is a plan view showing a third modification of
the static-protective member;

Fig. 24 is a cross-sectional view showing a fourth
modification of the static-protective member;

Fig. 25 is a cross-sectional view showing a fifth mod-
ification of the static-protective member;

Fig. 26 is a cross-sectional view showing a sixth mod-
ification of the static-protective member;

Fig. 27 is a cross-sectional view taken along line XVI-
XVlin Fig. 26;

Fig. 28 is a view showing a state in which the insertion
portion is inserted in a body cavity;

Fig. 29 is a graph showing a drive voltage of the anti-
fogging unit, time, and temperature change;

Fig. 30 is a cross-sectional view showing the distal
end part of the insertion portion for explaining action
of the insulating member for insulation and thermal
insulation;

Fig. 31 is a view showing a GND system of the elec-
tronic endoscope;

Fig. 32 is a cross-sectional view showing the distal
end part of the insertion portion for explaining action
of the static-protective member;

Fig. 33 is a cross-sectional view of a distal end part
of an insertion portion according to Reference Ex-
ample 1;

Fig. 34 is a cross-sectional view taken along line
XXXIV-XXXIVinFig. 33, according to Reference Ex-
ample 1;

Fig. 35is a perspective view showing a configuration
of a conductive member which fits on a unit holding
frame, according to Reference Example 1;

Fig. 36 is a side view showing the configuration of
the conductive member which fits on the unit holding
frame, according to Reference Example 1;

Fig. 37 is a view on arrow XXXVII in Fig. 36, accord-
ing to Reference Example 1;

Fig. 38 is a cross-sectional view of the distal end part
of the insertion portion according to a modification
of Reference Example 1;
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Fig. 39 is a cross-sectional view of a distal end part
of an insertion portion according to Reference Ex-
ample 2 of Reference Example 1;

Fig. 40 is a plan view of a distal end part of an inser-
tion portion according to Reference Example 3; and
Fig. 41 is a cross-sectional view of the distal end part
of the insertion portion according to Reference Ex-
ample 3, taken along line XXXXI-XXXXI in Fig. 40.

Best Mode for Carrying Out the Invention

[0009] One embodiment of the present invention will
be described below with reference to the drawings.

[0010] Figs. 1 to 32 relate to the one embodiment of
the presentinvention. Fig. 1 is a perspective view show-
ing an entire configuration of an endoscope apparatus,
Fig. 2 is a cross-sectional view showing a configuration
of a distal end part of an insertion portion, Fig. 3 is a
cross-sectional view showing a configuration of a front
end part of an image pickup unit, Fig. 4 is a cross-sec-
tional view taken along line IV-1V in Fig. 3, Fig. 5 is a
cross-sectional view taken along line V-V in Fig. 3, Fig.
6 is a cross-sectional view taken along line VI-VI in Fig.
3, Fig. 7 is a cross-sectional view taken along line VII-VII
in Fig. 3, Fig. 8 is a cross-sectional view taken along line
VII-VIIlin Fig. 3, Fig. 9 is an exploded plan view showing
a configuration of an anti-fogging unit, Fig. 10 is a front
view showing the configuration of the anti-fogging unit,
Fig. 11 is a plan view showing a configuration in which
the anti-fogging unit is fastened to an insulating member
for insulation and thermal insulation, Fig. 12 is a cross-
sectional view taken along line XII-XIl in Fig. 11, Fig. 13
is a plan view showing a configuration in which a con-
ductive plate is fastened to the insulating member for
insulation and thermal insulation, Fig. 14 is a vertical
cross-sectional view showing a configuration of a part at
arear of the image pickup unit, Fig. 15is a cross-sectional
view taken along line XV-XV in Fig. 14, Fig. 16 is a cross-
sectional view showing a layout of three radiating cables
connected to a reinforcing frame, Fig. 17 is a cross-sec-
tional view showing a part where three signal cables and
the three radiating cables are coated in a heat-shrinkable
tube, Fig. 18 is a cross-sectional view showing a first
modification of the insulating member for insulation and
thermalinsulation, Fig. 19 is a cross-sectional view show-
ing a second modification of the insulating member for
insulation and thermal insulation, Fig. 20 is a cross-sec-
tional view showing a first modification of the anti-fogging
unit, Fig. 21 is a plan view showing a first modification of
a static-protective member, Fig. 22 is a plan view showing
a second modification of the static-protective member,
Fig. 23 is a plan view showing a third modification of the
static-protective member, Fig. 24 is a cross-sectional
view showing a fourth modification of the static-protective
member, Fig. 25 is a cross-sectional view showing a fifth
modification of the static-protective member, Fig. 26 is a
cross-sectional view showing a sixth modification of the
static-protective member, Fig. 27 is a cross-sectional
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view taken along line XVI-XVIin Fig. 26, Fig. 28 is a view
showing a state in which the insertion portion is inserted
in abody cavity, Fig. 29 is a graph showing a drive voltage
of the anti-fogging unit, time, and temperature change,
Fig. 30 is a cross-sectional view showing the distal end
part of the insertion portion for explaining action of the
insulating member for insulation and thermal insulation,
Fig. 31 is a view showing a GND system of the electronic
endoscope, and Fig. 32 is a cross-sectional view showing
the distal end part of the insertion portion for explaining
action of the static-protective member.

[0011] As shown in Fig. 1, an electronic endoscope 1
is mainly composed of an elongated insertion portion 2,
an operation portion 3 which is provided to be continuous
with a proximal end of the insertion portion 2, a light guide
connector 4 which is connected to a light source appa-
ratus (not shown), and a video connector 5 which is con-
nected to a video system center (a camera control unit:
also referred to as a CCU) (not shown). Note that, in the
electronic endoscope 1, the operation portion 3 and the
light guide connector 4 are connected via a flexible cable
(hereinafter referred to as a universal cord) 6, and the
light guide connector 4 and the video connector 5 are
connected via a flexible communication cable 7.

[0012] Intheinsertion portion 2, a distal end portion 11
which is mainly formed from a metallic member of stain-
less or the like, a bending portion 12, and a rigid tube 13
which is a metal tube of stainless or the like are provided
to be continuous in the order from a distal end side. The
insertion portion 2 is a part to be inserted into a body and
incorporates cables (to be described later), a light guide
bundle (not shown), and the like.

[0013] The operation portion 3 includes an angle lever
14 which remotely operates the bending portion 12 and
various switches 16 for operating the light source appa-
ratus, the video system center, and the like (all of which
are not shown). The angle lever 14 is bending operation
means which can operate the bending portion 12 of the
insertion portion 2 in two upward and downward direc-
tions here. Note that the bending portion 12 is not limited
to the two upward and downward directions and may be
configured to be bendable and operable in four upward,
downward, leftward, and rightward directions by provid-
ing another angle lever. Additionally, a rigid endoscope,
in which a greater part of the insertion portion 2 that is
the insertion portion 2 except for the bending portion 12,
is illustrated here as the electronic endoscope 1. The
electronic endoscope 1, however, is not limited to a rigid
endoscope, and a flexible endoscope whose insertion
portion 2 has flexibility may be used instead.

[0014] An internal configuration of a distal end of the
insertion portion 2 in the electronic endoscope 1 will be
described in detail with reference to Fig. 2.

[0015] As shown in Fig. 2, the distal end portion 11 of
the insertion portion 2 has a distal end rigid portion 23
made of metal. An image pickup unit 30 penetrates
through and is inserted in the distal end rigid portion 23
and is fixed to the distal end rigid portion 23. The distal
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end rigid portion 23 fits in a sheathed tube 24 made of
metal, and the sheathed tube 24 is fixed by, for example,
a fixation pin (not shown).

[0016] A proximal end of the sheathed tube 24 is cou-
pled to a bending piece 26 which is disposed in the bend-
ing portion 12. A plurality of bending pieces 26 are dis-
posed in the bending portion 12. Adjacent ones of the
bending pieces 26 are coupled by a pivot rivet 27 so as
to be pivotable. The bending pieces 26 each pivot about
the pivot rivet 27 when two bending operation wires 26a
which are disposed at a top and at a bottom are pulled
and relaxed, respectively, by operation of the angle lever
14. With the configuration, the bending portion 12 is bent
and operated in the two upward and downward directions
here. Note that the bending portion 12 has a flexible tube
28 whichisformed of, e.g., fluororubber so as tointegrally
cover outer circumferences of the plurality of bending
pieces 26. A distal end outer circumferential portion of
the flexible tube 28 is connected to the proximal end of
the sheathed tube 24 by a thread-wound adhesive por-
tion 29. Note that a radiating cable 58 into which a metallic
radiating wire 57 is engageably inserted and to which the
radiating wire 57 is fastened is connected to the distal
end rigid portion 23. The radiating cable 58 is provided
to extend rearward and is intended to release heat of the
distal end rigid portion 23 rearward.

[0017] A transparent cover member 22 which is an op-
tical member (objective optical system) provided at a dis-
tal end of the image pickup unit 30 and serving as an
observation window fits with and is held by an observation
window holding frame 20 made of metal which is formed
in a substantially ring shape. The observation window
holding frame 20 constitutes a first metal frame here and
fits to be inserted in the distal end rigid portion 23 and is
fixed to the distal end rigid portion 23. A ring-like spacer
31 which fits on the observation window holding frame
20 is provided on an outer circumferential side of the
observation window holding frame 20 behind the trans-
parent cover member 22 in order for the image pickup
unit 30 to fit in and be fixed to the distal end rigid portion
23. Note that a member made of non-metal and in a sub-
stantially ring shape which is formed of plastic resin, ce-
ramic, or the like is adopted as the spacer 31 for the
purpose of not transferring heat generated by driving of
the image pickup unit 30 to a distal end (member) of the
endoscope.

[0018] The image pickup unit 30 according to the
present embodiment has a well-known configuration and
has a first lens holding frame 33 made of metal which
holds a first group 32 of objective lenses serving as an
objective optical system, a second lens holding frame 35
which holds a second group 34 of objective lenses serv-
ing as an objective optical system, and a unit holding
frame 36 made of metal which holds an image sensor
and the like. Note that an insulating frame 56 which is an
insulating member formed of a material lower in thermal
conductivity than metal is provided between the first lens
holding frame 33 and the observation window holding
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frame 20. The first lens holding frame 33 fits in and is
fixed to the second lens holding frame 35. The second
lens holding frame 35 fits in and is fixed to the unit holding
frame 36. Note that the first lens holding frame 33 and
second lens holding frame 35 constitute a second metal
frame here and that the unit holding frame 36 made of
metal constitutes a third metal frame here.

[0019] The image sensor and the like held by the unit
holding frame 36 according to the present embodiment
include two solid image pickup devices (hereinafter sim-
ply referred to as image pickup devices) 42 and 45, such
as a CCD and a CMOS, which detect photographing light
condensed by the individual groups 32 and 34 of objec-
tive lenses and split by two prisms 37 and 38. Note that
a reinforcing frame 48 made of metal which serves both
as a radiator plate and an earth member (a member to
be connected to a patient-side GND) is present behind
the unit holding frame 36 so as to cover the individual
prisms 37 and 38, the individual image pickup devices
42 and 45, and the individual image pickup drive circuits
43 and 46 and is joined to the unit holding frame 36 so
asto be electrically continuous with the unit holding frame
36. Note that three radiating cables 58 (to be described
later) are also connected to the reinforcing frame 48 to
escape heat, generated by driving of the solid image pick-
up devices, rearward. Parts which are made to fit with
each other of each adjacent two of the first lens holding
frame 33, the second lens holding frame 35, the unit hold-
ing frame 36, and the reinforcing frame 48 that are made
of metal are fastened with adhesive.

[0020] Thefirstimage pickup device 42 is joined to one
surface of the prism 37 located behind the image pickup
device 42 via a cover glass 41. The second image pickup
device 45 is joined to one surface of the prism 38 located
in front of the image pickup device 45 via a cover glass
44. Surfaces of the two prisms 37 and 38 according to
the present embodiment are bonded together, and a re-
flecting surface is formed so as to reflect, for example,
only light in a predetermined wavelength band of visible
light. By way of example, the two prisms 37 and 38 are
set such that only G (green) light is refracted by the re-
flecting surface, such that B (blue) light and R (red) light
are guided to the first image pickup device 42, and such
that G (green) light is guided to the second image pickup
device 45.

[0021] The image pickup devices 42 and 45 are each
configured here to individually perform image processing
and are electrically connected to the two image pickup
drive circuits 43 and 46 constituting a portion of an elec-
tronic image pickup circuit via FPCs 42a and 45a (see
Fig. 14). The image pickup drive circuits 43 and 46 are
individually connected to signal cables 50 which are in-
serted in and extend through the insertion portion 2, the
operation portion 3, and the light guide connector 4 and
are provided to extend to the video connector 5. Two
heat sinks 49 which can be connected with solder and
are blocks made of copper are interposed between the
two image pickup drive circuits 43 and 46. As will be
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described in detail later, the two heat sinks 49 are elec-
trically connected to overall shielding members 503, re-
spectively, of the signal cables 50 by jumper wires 49a.
[0022] Note that the individual prisms 37 and 38, the
individual image pickup devices 42 and 45, and the indi-
vidual image pickup drive circuits 43 and 46 that are held
by the unit holding frame 36 are covered with non-con-
ductive adhesive, a filling agent, or the like, and the re-
inforcing frame 48 is coated in a heat-shrinkable tube 47
around the reinforcing frame 48. The heat-shrinkable
tube 47 integrally coats a part from an outer circumfer-
ential part of a proximal end of the observation window
holding frame 20 to outer circumferential parts of distal
ends of the signal cables 50, the radiating cables 58, and
the like. As described above, the observation window
holding frame 20 that holds the transparent cover mem-
ber 22 and is closed on a distal end side and the spacer
31 fit with each other. Since the part from the outer cir-
cumferential portion of the proximal end of the observa-
tion window holding frame 20 to the outer circumferences
of the distal ends of the signal cables 50, the radiating
cables 58, and the like is coated in the heat-shrinkable
tube 47, the image pickup unit 30 is in a hermetically held
state in the distal end portion 11.

[0023] As shown in Figs. 3 and 4, an insulating frame
56 is formed of, for example, PEEK (polyetheretherke-
tone) resin with low water absorption which is one of su-
per engineering plastics or ceramic that is a sintered
member in order to prevent fogging inside an objective
lens due to moisture permeating the objective lens and
is a substantially cylindrical member for insulation and
thermal insulation which has, on a front side, a rib 56a
which is formed to extend in an inner diameter direction.
The insulating frame 56 is arranged to fit in the observa-
tion window holding frame 20 and fit on the first lens hold-
ing frame 33 and the second lens holding frame 35 in
order to space the observation window holding frame 20
apart from the first and second lens holding frames 33
and 35 by predetermined distances. Note that, in order
to prevent entry of moisture into and air paths in the ob-
servation window holding frame 20, adhesive is applied
to an outer circumferential face and an inner circumfer-
ential face of the insulating frame 56 and that the insu-
lating frame 56 is fixed while the insulating frame 56 fits
with and is in surface contact with the observation window
holding frame 20, the first lens holding frame 33, and the
second lens holding frame 35.

[0024] More specifically, the insulating frame 56 is fit-
ted on the firstlens holding frame 33 and the second lens
holding frame 35 while a small-diameter portion on the
front side provided with the rib 56a of the inner circum-
ferential face is glued in surface contact with a front por-
tion of an outer circumferential face of the first lens hold-
ing frame 33, and a large-diameter portion on a rear side
of the inner circumferential face is glued in surface con-
tact with an outer circumferential face of the second lens
holding frame 35 that is made to fit with a rear part of the
first lens holding frame 33. Additionally, the insulating



9 EP 2 674 095 A1 10

frame 56 is arranged while the outer circumferential face
is glued in surface contact with an inner circumferential
face of the observation window holding frame 20. With
the configuration, the insulating frame 56 is made to fit
with the observation window holding frame 20, the first
lens holding frame 33, and the second lens holding frame
35 while entry of moisture into and air paths in the ob-
servation window holding frame 20 are prevented.
[0025] In the above-described manner, the observa-
tion window holding frame 20 and the first and second
lens holding frames 33 and 35 are arranged to be not in
contact with and be spaced apart by the predetermined
distances from each other, with the insulating frame 56
between the observation window holding frame 20 and
the first and second lens holding frames 33 and 35. Note
that the insulating frame 56 also constitutes a member
for aligning an axis of the observation window holding
frame 20 with axes of the first lens holding frame 33 and
the second lens holding frame 35.

[0026] As shown in Figs. 3 to 12, the insulating frame
56 is provided with an anti-fogging unit 51 which prevents,
e.g.,fogging of and condensation on the transparent cov-
er member 22 serving as the observation window, the
first group 32 of objective lenses (in particular, a surface
of a most distal end lens), and the like. The anti-fogging
unit 51 has an anti-fogging device 52 which serves as an
electronic member, an FPC 53 which is fastened to the
insulating frame 56, a thermistor 54 for temperature sens-
ing which is provided on the FPC 53, and a device-insu-
lating frame 55 of an insulator which is interposed be-
tween the anti-fogging device 52 and the transparent cov-
er member 22 and insulates the observation window
holding frame 20 and the anti-fogging device 52 from
each other.

[0027] The anti-fogging device 52 has a substantially
ring shape, is glued to one surface of a ring portion 53a
on afront side of the FPC 53, and is arranged while being
welded by soldering or the like to two contact lands 52a
which are formed at one surface of the FPC 53. That is,
the anti-fogging device 52 is in contact with and is elec-
trically connected to the two contact lands 52a. The anti-
fogging device 52 provided on the ring portion 53a is
covered from a front side by the ring-shaped device-in-
sulating frame 55 that is formed of heat-resistant resin,
such as sulphone-based resin (see Fig. 9). The device-
insulating frame 55 ensures insulation by keeping the
anti-fogging device 52 out of contact with the observation
window holding frame 20 made of metal and is provided
so as to cover an outer side surface and a front end face
of the anti-fogging device 52 in order to prevent static
electricity applied via the observation window holding
frame 20 from falling on the anti-fogging device 52. The
device-insulating frame 55 is installed in contact with a
back surface of the transparent cover member 22 serving
as the observation window and transmits heat of the anti-
fogging device 52 to the transparent cover member 22.
[0028] The thermistor 54 is mounted on a protruding
piece which is curved forward from an inner side of the
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ring portion 53a (see Figs. 5, 9, and 10). The thermistor
54 is arranged in contact with the back surface of the
transparent cover member 22 serving as the observation
window. The FPC 53 also has an elongated wiring film
portion 53b which is provided to be curved rearward and
extend from a portion of an outer circumference of the
ring portion 53a and a rectangular wiring connection por-
tion 53c which is integrally formed at a rear end portion
of the wiring film portion 53b (see Figs. 9 and 10).
[0029] Inthe wiringfilm portion 53b, a plurality of pieces
of wiring (not shown) which are electrically connected to
the anti-fogging device 52 and the thermistor 54 are print-
ed in an insulated state. The wiring film portion 53b is
arranged in a recessed FPC installation groove 56b
which is formed in an outer circumferential portion of the
insulating frame 56 in a longitudinal direction (see Figs.
7 and 8), an adhesive 59a is deposited in a gap left in
the FPC installation groove 56b in order to prevent entry
of moisture into and air paths in the observation window
holding frame 20, and the wiring film portion 53b is fas-
tened to the insulating frame 56 (see Figs. 7, 8, 11, and
12). Note that the insulating frame 56 here has the FPC
installation groove 56b in the outer circumferential portion
and is thus configured such that the wiring film portion
53b can be easily fixed to the FPC installation groove
56b with the adhesive 59a at the time of assembly of the
FPC 53. That is, when the wiring film portion 53b is fixed
to the FPC installation groove 56b, in which the wiring
film portion 53b is installed, the adhesive 59a for prevent-
ing entry of moisture into and air paths in the observation
window holding frame 20 at the time of making the insu-
lating frame 56 and the observation window holding
frame 20 fit with each other can be easily filled. In the
FPC 53, arear surface of the ring portion 53a and a front
end face of the rib 56a of the insulating frame 56 are
glued with a two-sided sticky member 53e, such as poly-
imide tape.

[0030] The wiring connection portion 53c is provided
with an electric contact portion 53d which is provided with
a plurality of connection lands for electrical connection
with the anti-fogging device 52 and the thermistor 54.
Element wires of four pieces 71 of wiring are individually
soldered to the plurality of connection lands of the electric
contact portion 53d (see Figs. 11 and 12). Note that an
insulating resin 59b is deposited on the electric contact
portion 53d, to which the four pieces 71 of wiring are
connected (see Figs. 11 and 12).

[0031] In the insulating frame 56, a recessed notched
portion 56¢ is formed in a distal end part of a part on a
side opposite from the FPC installation groove 56b, in
which the wiring film portion 53b is installed, of the outer
circumferential portion such that a portion of an outer
circumference is not in contact with an outer circumfer-
ential face of the observation window holding frame 20
(see Figs. 4 and 12). That is, a space is formed at a part
of an outer circumferential portion of a distal end between
the insulating frame 56 and the observation window hold-
ing frame 20 by the notched portion 56¢ while the insu-



11 EP 2 674 095 A1 12

lating frame 56 fits in the observation window holding
frame 20 (see Fig. 4). In the insulating frame 56, a re-
cessed static-protective member installation groove 56d,
in which a conductive plate 60 serving as a static-protec-
tive member is installed, is formed on an inner circum-
ferential face side to extend rearward from the notched
portion 56c¢. The static-protective member installation
groove 56d penetrates through the rib 56a of the insulat-
ing frame 56 and communicates with the notched portion
56¢ (see Figs. 4, 12, and 13).

[0032] As shown in Fig. 13, the conductive plate 60
arranged in the static-protective member installation
groove 56d is a metal flat plate which has two corner
portions (pointed edge portions) in a shape of a pointed
end at least on a front side and whose plate surface is
substantially elongated rectangular, penetrates through
and is inserted in the rib 56a of the insulating frame 56,
and is arranged such that a front part is located in the
notched portion 56¢. The conductive plate 60 is also fas-
tened to the insulating frame 56 by depositing an adhe-
sive 59c in a gap left in the static-protective member in-
stallation groove 56d in order to prevent entry of moisture
into and air paths in the observation window holding
frame 20 (see Figs. 8 and 12). Note that a rear end part
of the conductive plate 60 is joined to an outer circum-
ferential portion of a distal end of the unit holding frame
36 made of metal by connection using solder 60a and is
electrically connected to the unit holding frame 36 (see
Fig. 4). The conductive plate 60 is glued and fixed such
that a surface has a clearance of about 0.2 mm from the
inner circumferential face of the observation window
holding frame 20 in the notched portion 56¢ of the insu-
lating frame 56. With the configuration, insulation can be
ensured between the distal end of the endoscope and
the conductive plate 60. Although a leakage current dur-
ing use of a radio knife does not flow, a current flows to
the conductive plate 60 side only at a high voltage such
as static electricity. For the reason, a current does not
flow to an electronic component side, and occurrence of
problems can be prevented.

[0033] Note that the insulating frame 56 is installed
such that the conductive plate 60 does not protrude from
the inner circumferential face by providing the recessed
static-protective member installation groove 56d in an
inner circumferential portion. With the configuration, the
second lens holding frame 35 that fits in the insulating
frame 56 can freely rotate about a central axis in the
longitudinal direction in the insulating frame 56 and can
easily perform deflection angle rotation adjustment of
each of the groups 33 and 34 of objective lenses.
[0034] AsshowninFigs. 14 and 15, recessed portions
49b, to which core wires 49c of the jumper wires 49a are
soldered, are formed in rear portions of side surfaces on
sides opposite from respective surfaces, of the above-
described two blocky heat sinks 49 disposed between
the individual image pickup drive circuits 43 and 46, at
which the heat sinks 49 are joined. The formation of the
recessed portions 49b allows prevention of bulging of
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outer shapes of connection portions between the two
heat sinks 49 and the jumper wires 49a. Note that sur-
faces of the recessed portions 49b are provided with sur-
face treatment for solder connection. The two heat sinks
49 are joined with an insulating member 49d, such as
insulating tape, between the heat sinks 49, and electrical
insulation between the heat sinks 49 is kept. Since the
two heat sinks 49 are individually connected to the jumper
wires 49a, the two heat sinks 49 are not electrically like
a loop antenna, and the insulating member 49d can re-
duce noise generated from the solid image pickup devic-
es.

[0035] Note that the two heat sinks 49 also serve as
holding members which hold the respective image pickup
drive circuits 43 and 46 that are CCD (CMOS) drivers
and absorb heat of the respective image pickup drive
circuits 43 and 46 that generate large amounts of heat.
Heat of the two heat sinks 49 are transferred to the overall
shielding members 50a of the signal cables 50 via the
jumper wires 49a and are escaped rearward.

[0036] As shownin Fig. 16, in the reinforcing frame 48
serving both as the radiator plate and the earth member,
the round radiating wires 57 of two radiating cables 58
are connected with solder to one surface, and the flat
radiating wire 57 of one radiating cable 58 is connected
with solder to an inclined surface portion on one side
which is formed at a corner portion remote from the one
surface, to which the radiating wires 57 are connected.
Note that at least one of the three radiating cables 58
also serves as the earth member (GND cable) and is
connected to the patient ground (GND). The three radi-
ating cables 58 are arranged together with the three sig-
nal cables 50 in the heat-shrinkable tube 47 such that
the three radiating cables 58 are separated into two and
one behind the reinforcing frame 48. As described above,
since the three radiating cables 58 are arranged to be
separated into two and one behind the reinforcing frame
48 in the heat-shrinkable tube 47, heat absorbed by the
reinforcing frame 48 does not concentrate and is effi-
ciently radiated by the three radiating cables 58, and in-
crease in temperature of the image pickup unit 30 is pre-
vented. Note that two of the three signal cables 50 in Fig.
16 are connected to an image pickup system, the remain-
ing one is connected to the anti-fogging unit, and that the
signal cables 50 are intended to transmit and receive
various signals and supply power.

[0037] The individual radiating wires 57 in the three
radiating cables 58 are connected with solder in neigh-
borhoods of the individual image pickup drive circuits 43
and 46 that generate large amounts of heat in the rein-
forcing frame 48. It is thus possible to provide the image
pickup unit which has reduced noise by efficiently ab-
sorbing and radiating heat around the individual image
pickup drive circuits 43 and 46, whose temperatures are
highest.
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(First Modification of Insulating Member)

[0038] AsshowninFig. 18, the insulating frame 56 for
insulation and thermal insulation may be constructed by
combining two members which are identical in outer di-
ameter, a ring-shaped insulating ring 72a which is ar-
ranged on the front side and a tubular insulating tube 72b
which is arranged on the rear side.

[0039] More specifically, the insulating frame 56 has
the insulating ring 72a that is glued in surface contact
with a front flange 33a of the first lens holding frame 33
andtheinsulating tube 72b thatis glued in surface contact
with the outer circumferential face of the second lens
holding frame 35, and a rear end face of the insulating
ring 72a and a front end face of the insulating tube 72b
are in surface contact and are glued and fixed with ad-
hesive. That is, the insulating frame 56 is formed from
the two tubular (annular) members that are provided one
behind the other to be in contact with and continuous with
each other. Outer circumferential faces of the insulating
ring 72a and the insulating tube 72b constituting the in-
sulating frame 56 are in surface contact with the inner
circumferential face of the observation window holding
frame 20 and are glued and fixed with adhesive. As de-
scribed above, since the insulating frame 56 is composed
of two members, the insulating ring 72a and the insulating
tube 72b, the insulating frame 56 can be easily molded
even by using ceramic that is a member with low water
absorption and is a sintered member hard to process and
mold into a complicated shape. Note that the insulating
frame 56 here may, of course, be formed of a resin mem-
ber with low water absorption or may be molded by using
different materials, such as ceramic and resin with low
water absorption, for the insulating ring 72a and the in-
sulating tube 72b.

(Second Modification of Insulating Member)

[0040] As shown in Fig. 19, in the insulating frame 56
for insulation and thermal insulation, a plurality of elec-
trodes 73 for transmitting and receiving signals to and
from and supplying power to the thermistor 54 and the
anti-fogging device 52 of the anti-fogging unit 51 may be
insert-molded using resin with low water absorption. With
the configuration, the insulating frame 56 can reduce en-
try of moisture and air paths from a part where the plurality
of electrodes 73 are provided.

(First Modification of Anti-Fogging Unit)

[0041] As shown in Fig. 20, in the anti-fogging unit 51,
the device-insulating frame 55 need not be provided. In-
sulation may be ensured by keeping the anti-fogging de-
vice 52 out of contact with the observation window hold-
ing frame 20 made of metal, and an insulator film, an
insulating coating 55a of parylene, may be molded on a
surface of the anti-fogging device 52 by, for example,
evaporation in order to prevent static electricity applied
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via the observation window holding frame 20 from falling
on the anti-fogging device 52.

(First Modification of Static-Protective Member)

[0042] The conductive plate 60 constituting a static-
protective member here only needs to have a corner por-
tion in a shape of a pointed end on the front side. As
shown in Fig. 21, the conductive plate 60 may be shaped
to have a tapering conductive portion 60b.

(Second Modification of Static-Protective Member)

[0043] As shown in Fig. 22, the conductive plate 60
here may have a T-shape atafront portion and be shaped
to have a conductive portion 60c on two sides of a distal
end. The conductive plate 60 can be easily positioned
by making T-shaped rear end portions 60d abut on the
notched portion 56¢ of the insulating frame 56 when the
conductive plate 60 is installed at and fixed to the insu-
lating frame 56.

(Third Modification of Static-Protective Member)

[0044] As shown in Fig. 23, the conductive plate 60
here may have a T-shape atafront portion and be shaped
to have a plurality of conductive portions 60e on a distal
end side. The conductive plate 60 here can also be easily
positioned by making T-shaped rear end portions 60f
abut on the notched portion 56¢ of the insulating frame
56 when the conductive plate 60 is installed at and fixed
to the insulating frame 56.

(Fourth Modification of Static-Protective Member)

[0045] As shown in Fig. 24, the conductive plate 60
here may be shaped such that a conductive portion 60g
which is provided at a distal end part is curved upward.

(Fifth Modification of Static-Protective Member)

[0046] As shown in Fig. 26, instead of the conductive
plate 60, a conductive block 74 made of metal which is
a static-protective member may be provided at the insu-
lating frame 56 such that the conductive block 74 is elec-
trically continuous with the first lens holding frame 33.
[0047] More specifically, the conductive block 74 is fas-
tened, with an adhesive 74b, to a hole portion 56e which
is formed to penetrate through a part of the rib 56a of the
insulating frame 56 from an outer circumferential portion
to an inner circumferential portion. Note that a protrusion
amount is set for a conductive portion 74a of the conduc-
tive block 74 such that the conductive portion 74a has a
clearance of about 0.2 mm from the inner circumferential
face of the observation window holding frame 20 and that
the conductive portion 74a is arranged so as to protrude
from the adhesive 74b toward the inner circumferential
face of the observation window holding frame 20.
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[0048] The conductive block 74 is disposed at the in-
sulating frame 56 such that a bottom surface portion
which is located on a side opposite from the conductive
portion 74a is in contact with and electrically continuous
with an outer circumferential face of the first lens holding
frame 33.

(Sixth Modification of Static-Protective Member)

[0049] AsshowninFigs. 26 and 27, instead of the con-
ductive plate 60, a conductive board 77 made of metal
which is a static-protective member may be provided
here at the insulating frame 56 so as to be electrically
continuous with the first lens holding frame 33.

[0050] More specifically, the conductive board 77 is a
disk-shaped metal plate which has, in an outer circum-
ferential direction, a plurality of conductive portions 77a
projecting radially. Note that the insulating frame 56 here
is composed of two members identical in outer diameter,
a ring-shaped insulating ring 75 which is arranged on
the front side and a tubular insulating tube 76 which is
arranged on the rear side.

[0051] Theconductive board 77 is provided to be sand-
wiched between the insulating ring 75 and the insulating
tube 76 of the insulating frame 56 and is fastened with
an adhesive 78. Note that a protrusion amount is set for
the conductive portions 77a of the conductive board 77
such that each conductive portion 77a has a clearance
of about 0.2 mm from the inner circumferential face of
the observation window holding frame 20 and that the
conductive portions 77a are radially formed toward the
inner circumferential face of the observation window
holding frame 20. The conductive board 77 has a hole
portion formed in a center, in which the first lens holding
frame 33 is inserted, and is contact with and electrically
continuous with the first lens holding frame 33.

(Action of Electronic Endoscope)

[0052] The electronic endoscope 1 with the above-de-
scribed configuration is used in, for example, an endo-
scopic surgical operation. As shown in Fig. 28, the inser-
tion portion 2 is introduced into a body cavity at about
37°C and high humidity via a trocar 100 which is intro-
duced in a body wall of a patient through perforation.

[0053] The electronic endoscope 1 is powered on in
preparatory stages before introduction into the body cav-
ity, and the anti-fogging device 52 of the anti-fogging unit
51 is driven. A voltage applied to the anti-fogging device
52is 20 V here, as shown in Fig. 29. Temperature of the
transparent cover member 22 serving as the observation
window in an early phase of the preparatory stages, i.e.,
atemperature to be detected by the thermistor 54 is same
as a room temperature of about 20°C. When the anti-
fogging device 52 is driven upon power-on, the transpar-
ent cover member 22 requires a predetermined warm-
up time period (of about 1 to 2 minutes) and is heated to,
for example, 37°C. At power-on, as ambient temperature
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around the anti-fogging device 52 rises, the back surface
of the transparent cover member 22 and an outer surface
of the mostdistal end lens of the first group 32 of objective
lenses can be prevented from fogging.

[0054] Note that driving and control of the anti-fogging
device 52 is performed by control means in the video
system center, to which a detected temperature value
(an electrical resistance value corresponding to temper-
ature) from the thermistor 54 is inputted. Note that a
threshold value of 37°C is set here for the detected tem-
perature value from the thermistor 54 and that the control
means controls driving to turn on/off the anti-fogging de-
vice 52 (see Fig. 29). With the configuration, heating tem-
perature of the transparent cover member 22 is main-
tained atand around 37°C during an intracavital insertion
time period of the insertion portion 2 of the electronic
endoscope 1. Note that control of the anti-fogging unit
51 by the control means in the video system center is
ended upon power-off.

[0055] As described above, since the transparent cov-
er member 22 is heated here to 37°C during use, the
electronic endoscope 1 can inhibit and prevent, e.g., fog-
ging of and condensation on a surface of the transparent
cover member 22 due to a temperature difference even
if the electronic endoscope 1 is inserted into the body
cavity at about 37°C and high humidity.

(Action of Insulating Frame)

[0056] Action of the insulating frame 56 for insulation
and thermal insulation will be described.

[0057] Theinsulating frame 56 has the insulating func-
tion illustrated in the above-described embodiment and,
as shown in Fig. 30, a function of insulating heat so as
not to uselessly transfer heat H of the anti-fogging device
52 of the anti-fogging unit 51 in preparatory stages to the
first lens holding frame 33, the second lens holding frame
35, and the unit holding frame 36. That is, the heat H of
the anti-fogging device 52 is efficiently and reliably trans-
ferred to the transparent cover member 22 via the device-
insulating frame 55. With the function, the electronic en-
doscope 1 can have a shorter time period required for
the transparent cover member 22 to reach the predeter-
mined set temperature (37°C here) in the preparatory
stages than a conventional electronic endoscope.
[0058] During an endoscopic surgical operation (dur-
ing the intracavital insertion time period), the insulating
frame 56 for insulation and thermal insulation inhibits
rearward transmission of heat via the first lens holding
frame 33, the second lens holding frame 35, and the unit
holding frame 36 through insulation of the heat H of the
anti-fogging device 52 by the insulating frame 56 and
prevents temperatures of the first image pickup device
42 and the second solid image pickup device 45 that are
electronic components from increasing excessively.
[0059] It is thus possible to curb generation of noise
due to increase in the temperatures of the first image
pickup device 42 and the second solid image pickup de-
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vice 45 and obtain a clearimage. Since the heat H of the
anti-fogging device 52 is inhibited by the insulating frame
56 from being uselessly transmitted to the first lens hold-
ing frame 33, the second lens holding frame 35, and the
unit holding frame 36, the heat H is efficiently and reliably
transferred to the transparent cover member 22 via the
device-insulating frame 55. For the reason, in the elec-
tronic endoscope 1, the efficiency with which the trans-
parent cover member 22 is heated by the anti-fogging
device 52 improves, which improves anti-fogging effi-
ciency.

[0060] As can be seen from the foregoing, the elec-
tronic endoscope 1 can inhibit thermal effects of the anti-
fogging unit 51 on the solid image pickup devices and
reduce noise to obtain a clearimage, in addition to having
the original insulating function. The electronic endoscope
1 can also provide the small-size image pickup unit which
has improved efficiency in preventing fogging of the
transparent cover member 22, the first group 32 of ob-
jective lenses, and the like that are objective optical sys-
tems by means of the anti-fogging unit 51. Note that sim-
ilar effects can be achieved in the above-described con-
figuration with the first or second modification of the in-
sulating frame.

(GND System of Electronic Endoscope)

[0061] As shown in Fig. 31, the electronic endoscope
1 is configured such that the insertion portion 2 in front
of the operation portion 3 as a boundary (an X axis in
Fig. 31) and the universal cord 6 behind the operation
portion 3 are electrically insulated from each other in a
sheathed portion.

[0062] Note that, inside the electronic endoscope 1,
the radiating cable 58 connected to the distal end rigid
portion 23 made of metal is electrically connected to a
metal frame 3 awhich is provided in the operation portion
3, as shown in Fig. 31. A capacitor 3d of, e.g., 220 pF is
interposed between the metal frame 3a and a grip base
3b made of metal, and the metal frame 3a is insulated in
a DC manner from the grip base 3b.

[0063] Atleastone of the three radiating cables 58 pro-
vided to extend from the image pickup unit 30 is electri-
cally connected to the grip base of the operation portion
3. The three radiating cables 58 together with the signal
cables 50 are integrally coated in a heat-shrinkable tube
80 which has a metal blade 80a inside. Note that the
heat-shrinkable tube 80 is provided to extend to the grip
base 3b, and the metal blade 80ais electrically connected
to the grip base 3b.

[0064] Note that the universal cord 6 is connected to
the grip base 3b in the operation portion 3 and that a
metal sheath inside the universal cord 6 is electrically
connected to the grip base 3b. The metal sheath of the
universal cord 6 is electrically connected to a metal
sheath of the communication cable 7 in the light guide
connector 4. The light guide connector 4 and the video
connector 5 are electrically connected to the individual
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metal sheaths of the universal cord 6 or the communica-
tion cable 7 and are each electrically connected to the
patient GND via the light source apparatus or the video
system center. That is, inner metal at the distal end of
the electronic endoscope 1 is connected to the patient-
side ground of the video connector 5 via the one radiating
cable and the members on an operation portion proximal
end side and is at a same potential as a potential of the
patient-side ground.

(Action of Conductive Plate)

[0065] Action of the conductive plate 60 serving as the
static-protective member will be described.

[0066] As shown in Fig. 32, the observation window
holding frame 20 is located while a surface of an end
portion on a front side which holds the transparent cover
member 22 is exposed at a distal end face of the distal
end portion 11. For the reason, static electricity E may
be applied from the surface of the end portion of the ob-
servation window holding frame 20.

[0067] Inthe case, the static electricity E applied to the
observation window holding frame 20 is aerially dis-
charged, via the observation window holding frame 20,
to the notched portion 56¢ of the insulating frame 56, i.e.,
the distal end corner portions (pointed edge portions) of
the conductive plate 60 disposed with the clearance of
0.2 mm. The static electricity E then flows to the unit
holding frame 36, to which the rear part of the conductive
plate 60 is connected with the solder 60a, flows to the
radiating cables 58 via the reinforcing frame 48, and is
escaped (guided) to the patient GND.

[0068] With the configuration, even if the static elec-
tricity E is applied to the observation window holding
frame 20 in the electronic endoscope 1, and an external
portion and the inner metal are insulated in the endo-
scope insertion portion, the static electricity E does not
flow to electronic components, such as the anti-fogging
unit 51, the individual image pickup devices 42 and 45,
and the individual image pickup drive circuits 43 and 46
and is guided from the conductive plate 60 to the patient
GND via the unit holding frame 36, the reinforcing frame
48, and the radiating cables 58.

[0069] As can be seen from the foregoing, since static
electricity applied to the endoscope distal end is aerially
discharged to the conductive plate 60 and is escaped to
the patient GND, the electronic endoscope 1 can prevent
occurrence of trouble (e.g., a flow of excess current), a
fault, and the like in electronic components, such as the
anti-fogging unit 51, the individual image pickup devices
42 and 45, and the individual image pickup drive circuits
43 and 46, which are incorporated in the distal end portion
11. Note that similar effects can also be achieved in the
above-described configuration with each of the first to
sixth modifications of the static-protective member.
[0070] Note that although the electronic endoscope 1
described above has been illustrated in the context of a
rigid endoscope for surgical medical treatments, the
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present invention is, of course, not limited to the endo-
scope. The present invention is a technique applicable
to flexible endoscopes for various medical treatments or
industrial endoscope apparatuses.

(Reference Example 1)

[0071] Reference Example 1 of the present invention
will be described.

[0072] Figs. 33 to 38 relate to Reference Example 1 of
the present invention. Fig. 33 is a cross-sectional view
of a distal end part of an insertion portion, Fig. 34 is a
cross-sectional view taken along line XXXIV-XXXIV in
Fig. 33, Fig. 35 is a perspective view showing a config-
uration of a conductive member which fits on a unit hold-
ing frame, Fig. 36 is a side view showing the configuration
of the conductive member that fits on the unit holding
frame, Fig. 37 is a view on arrow XXXVII in Fig. 36, and
Fig. 38 is a cross-sectional view of the distal end part of
the insertion portion according to a modification. Note
that identical constituent components to the constituent
components of the electronic endoscope 1 described
above are denoted by identical reference numerals and
that a detailed description of the constituent components
will be omitted.

[0073] As shown in Figs. 33 and 34, an electronic en-
doscope 1 here is coated in an insulative flexible tube 28
from a distal end portion 11 of an insertion portion 2 to
an operation portion 3, and insulation of an outer circum-
ference of the endoscope insertion portion which may
contact a patient is ensured. Note that the electronic en-
doscope 1 is a flexible endoscope whose insertion por-
tion 2 has flexibility. A distal end rigid portion 23 here is
molded of, for example, resin and made of non-metal.
Note that reference numeral 85 in Fig. 34 denotes a light
guide bundle.

[0074] Aunitholding frame 36 fits on afirst lens holding
frame 33 here. As shown in Figs. 33 to 37, a conductive
member 83 made of metal which is a static-protective
member is provided in contact with the unit holding frame
36 such that the conductive member 83 is electrically
connected to the unit holding frame 36.

[0075] More specifically, the conductive member 83 is
a metal plate body having rectangular conductive por-
tions 83a which are provided at two sites in a vertical
direction to extend and are curved forward to have an L-
shape in cross section and rectangular current-carrying
contact portions 83b which are provided at two sites
above and below a hole portion formed substantially in
a center and are curved forward to have an L-shape in
cross section.

[0076] The conductive member83isinstalled such that
a cylindrical portion 36a of the unit holding frame 36 that
fits on the first lens holding frame 33 is inserted to fit with
the hole portion formed substantially in the center and
such that a rear end face and the current-carrying contact
portions 83b are in contact with and electrically connect-
ed to the unit holding frame 36. The conductive portions
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83a of the conductive member 83 are arranged close to
an inner circumferential face of a reinforcing frame 84
made of metal which fits with the distal end rigid portion
23 coated in the flexible tube 28. Although the conductive
portions 83a and the reinforcing frame 84 are electrically
continuous with each other, since the flexible tube 28 has
electrical insulating properties, a clearance of 0.2 mm as
illustrated in the above-described embodiment is unnec-
essary.

[0077] Note that the reinforcing frame 84 fits on a most
distal end bending piece 26 which is disposed in a bend-
ing portion 12 of the insertion portion 2 in contact with
the bending piece 26 and is electrically connected to the
bending piece 26. Bending operation wires 26a are con-
nected to the bending piece 26.

[0078] The firstlens holding frame 33 is arranged here
such that a surface of an end portion is exposed at a
distal end face of the distal end portion 11. Static elec-
tricity may be applied from the surface of the end portion
of the first lens holding frame 33. Static electricity applied
to the first lens holding frame 33 flows to the unit holding
frame 36 and flows to the reinforcing frame 84 via the
conductive member 83.

[0079] Thatis, the static electricity flows from distal end
corner portions (pointed edge portions) of each conduc-
tive portion 83a to the reinforcing frame 84 in contact with
the conductive portions 83a. The static electricity flowing
to the reinforcing frame 84 then flows to the bending op-
eration wires 26a via the bending pieces 26. The bending
operation wires 26a are electrically connected to a metal
sheath of a universal cord 6 via a grip base 3b shown in
Fig. 31 in the operation portion 3. The static electricity
flowing through the metal sheath is escaped (guided) to
a patient GND via a light guide connector 4 and a video
connector 5.

[0080] With the above-described configuration, even
if static electricity is applied to the first lens holding frame
33 in the electronic endoscope 1 here, the static elec-
tricity does not flow to electronic components, such as
individual image pickup devices 42 and 45 and individual
image pickup drive circuits 43 and 46, and are guided to
the patient GND. Since applied static electricity is es-
caped to the patient GND, the electronic endoscope 1
here can prevent occurrence of trouble, a fault, and the
like in the electronic components, such as the individual
image pickup devices 42 and 45 and the individual image
pickup drive circuits 43 and 46, incorporated in the distal
end portion 11.

[0081] Note thatthe individual conductive portions 83a
of the conductive member 83 may be configured so as
to be elastically deformed in a diameter-increasing direc-
tion, as indicated by long dashed double-short dashed
linesin Fig. 36, or may be configured so as to be in contact
with the inner circumferential face of the reinforcing frame
84, as shown in Fig. 38. Alternatively, the individual con-
ductive portions 83a may be soldered to the inner cir-
cumferential face of the reinforcing frame 84.
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(Reference Example 2)

[0082] Reference Example 2 of the present invention
will be described.

[0083] Fig. 39 relates to Reference Example 2 of the
present invention. Fig. 39 is a cross-sectional view of a
distal end part of an insertion portion. Note that, in the
present reference example as well, identical constituent
components to the constituent components of the elec-
tronic endoscope 1 described above are denoted by iden-
tical reference numerals and that a detailed description
of the constituent components will be omitted.

[0084] A conductive member 86 in a form of a metal
plate which is a static-protective member is provided here
in contact with a unit holding frame 36 such that the con-
ductive member 86 is electrically connected to the unit
holding frame 36. More specifically, two conductive mem-
bers 86 are provided to be connected to two sites in a
vertical direction of the unit holding frame 36. Respective
distal end parts 86a in the conductive members 86 are
soldered to a cylindrical portion 36a of the unit holding
frame 36, and the conductive members 86 are electrically
connected to the unit holding frame 36.

[0085] Rear end portions in the two conductive mem-
bers 86 are each provided to be sandwiched between a
mostdistalend bending piece 26 and a bending operation
wire 26a, and the conductive members 86 are in contact
with and electrically connected to the bending piece 26
and the bending operation wires 26a. The bending op-
eration wires are connected to the bending piece 26.
[0086] Even with the above-described configuration, if
static electricity is applied from a surface of an end portion
of afirst lens holding frame 33, the static electricity flows
to the unitholding frame 36 and flows directly to the bend-
ing piece 26 and the bending operation wires 26a via the
conductive members 86. The static electricity then pass-
es through the bending operation wires 26a, a grip base
3b, a universal cord 6, and a communication cable 7 and
is escaped (guided) to a patient GND via a light guide
connector 4 and a video connector 5.

[0087] Since applied static electricity is escaped to the
patient GND, an electronic endoscope 1 here can prevent
occurrence of trouble, a fault, and the like in electronic
components, such as individual image pickup devices 42
and 45 and individual image pickup drive circuits 43 and
46, incorporated in a distal end portion 11.

(Reference Example 3)

[0088] Reference Example 3 of the present invention
will be described.

[0089] Figs. 40 and 41 relate to Reference Example 3
of the present invention. Fig. 40 is a plan view of a distal
end part of an insertion portion, and Fig. 41 is a cross-
sectional view taken along line XXXXI-XXXXI in Fig. 40.
Note that, in the present reference example as well, iden-
tical constituent components to the constituent compo-
nents of the electronic endoscope 1 described above are
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denoted by identical reference numerals and that a de-
tailed description of the constituent components will be
omitted.

[0090] AsshowninFigs.40and41, aconductive piece
84awhich serves as a static-protective memberis formed
by making an incision in a portion of a reinforcing frame
84, and the conductive piece 84a is curved toward a cy-
lindrical portion 36a of a unit holding frame 36 to contact
the cylindrical portion 36a. That is, the reinforcing frame
84 and the unit holding frame 36 are electrically connect-
ed via the conductive piece 84a. Note that after the con-
ductive piece 84a is curved, the conductive piece 84a
may be soldered to the cylindrical portion 36a of the unit
holding frame 36.

[0091] Even with the above-described configuration, if
static electricity is applied from a surface of an end portion
of a first lens holding frame 33, the static electricity flows
to the unit holding frame 36 and flows to the reinforcing
frame 84 via the conductive piece 84a. The static elec-
tricity then flows from a bending piece 26 which fits with
the reinforcing frame 84 to bending operation wires 26a.
Accordingly, the static electricity passes through the
bending operation wires 26a, a grip base 3b, a universal
cord 6, and a communication cable 7 and is escaped
(guided) to a patient GND via a light guide connector 4
and a video connector 5.

[0092] Since applied static electricity is escaped to the
patient GND, the electronic endoscope 1 here can pre-
vent occurrence of trouble, a fault, and the like in elec-
tronic components, such as individual image pickup de-
vices 42 and 45 and individual image pickup drive circuits
43 and 46, incorporated in a distal end portion 11.
[0093] Theinventiondescribedinthe above-described
embodiment is not limited to the embodiment and mod-
ifications. In practice, various modifications can be made
without departing from scope of the invention. Addition-
ally, the above-described embodiment includes various
levels of inventions. Various inventions can thus be ex-
tracted by appropriately combining a plurality of constit-
uent features disclosed.

[0094] Forexample,inthe embodiment, an endoscope
distal end is equipped with an anti-fogging device. An
electronic component other than the anti-fogging device
may, of course, be employed. Even if some constituent
features are deleted from all constituent features, a con-
figuration with the constituent features deleted can be
extracted as an invention, provided that the problems
described can be solved and that the effects described
can be obtained.

[0095] The presentapplication is filed claiming the pri-
ority of Japanese Patent Application No. 2011-268189
filed in Japan on December 7, 2011, and the above de-
scribed disclosure is incorporated by reference in the
present description, claims and drawings.



23 EP 2 674 095 A1 24

Claims

1.

An electronic endoscope comprising:

adistal end portion of an insertion portion which
incorporates electronic components;

ametal frame which is disposed at the distal end
portion and holds an observation window;

an earth member which is connected to a pa-
tient-side ground of an external device; and

a static-protective member which is disposed in
the distal end portion while being insulated from
the metal frame and is electrically connected to
the earth member to let static electricity applied
to the distal end portion flow to the earth mem-
ber.

The electronic endoscope according to claim 1,
wherein the static-protective member is a metal plate
body having a conductive portion in a shape of a
pointed end which easily discharges the static elec-
tricity.

The electronic endoscope according to claim 1,
wherein the static-protective member is a metal disk
in which a plurality of conductive portions, each hav-
ing a pointed shape, that easily discharge the static
electricity are formed to project in an outer circum-
ferential direction.

The electronic endoscope according to claim 2 or 3,
wherein the conductive portion in the static-protec-
tive member is arranged, with a predetermined clear-
ance from the metal frame, at an insulating member
which is made to fit with the metal frame such that
the static electricity is aerially discharged.

The electronic endoscope according to any one of
claims 1 to 4, wherein the static-protective member
is electrically connected to a lens holding frame
which is arranged on a side, closer to a proximal
end of the metal frame, of an image pickup unit in-
corporated in the distal end portion.

The electronic endoscope according to claim 5,
wherein

the earth member is electrically connected to the lens
holding frame, and

the earth member is a radiating cable which radiates
heat of the image pickup unit.

The electronic endoscope according to claim 6,
wherein

the lens holding frame is electrically connected to a
metal reinforcing frame which is insulated and ar-
ranged so as to cover a solid image pickup device
and an image pickup drive circuit that are the elec-
tronic components, and
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the radiating cable is connected to the metal rein-
forcing frame.

The electronic endoscope according to any one of
claims 4 to 7, wherein an anti-fogging unit which has
an anti-fogging device that is the electrical compo-
nentand prevents fogging of the observation window
is disposed at the insulating member.
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